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Abstract; Flavonoids in Valeriana officinalis L. extracted by ultra-
sonic-assisted aqueous two-phase extraction was utilized in this
study. Effects of ultrasonic time, amount of (NH,),SO,, ultrasonic
temperature and liquid-solid ratio were studied by the single factor
methodologies, and then the extraction parameters were determined
by Box-Behnken response surface methodology. In addition, reducing
power, DPPH radical scavenging and hydroxyl radical scavenging ac-
tivity were compared to investigate the antioxidant effect of
flavonoids by reflux extraction. The results showed that optimized
extraction parameters were ultrasonic time 35 min, amount of

(NH,;)>SO; 0.20 g/mL, ultrasonic temperature 51 “C and liquid-
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solid ratio 24 : 1 (mL/g). Flavonoids yield of (6.3740.08) % was
obtained under such conditions. The extracted flavonoids showed
strong reducing ability, DPPH and hydroxyl radicals scavenging ac-
tivities. Moreover, the antioxidant effected by ultrasonic-assisted a-
queous two-phase extraction was much higher than those of reflux
extraction.

Keywords: Valeriana officinalis L.; total flavonoids; ultrasonic

wave; aqueous two-phase; antioxidant activity
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Figure 1 The effect of total flavonoids extraction rate

on ultrasonic time
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Figure 2 The effect of total flavonoids extraction rate on
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Figure 3 The effect of total flavonoids extraction rate

on ultrasonic temperature
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2.2 Box-Behnken i Bz # T i& 11 £ 4 47 5 5 35 R 0K 3 B
ERITZ
Xof 80 R B I A IR il B 4R I 25 4F 4T Box-Behnken
Wi S B TR SR 1O A R L w7 T S R S OK O R R 1L, 45
RIFE 2,

% 1 Box-Behnken Mg 5z H ik I E F 5 7k F
Table 1

Factors and levels of Box-Behnken response

surface methodology

A BRRENR/ CEAR Dk
T [d] /min (g+mL™D B/ C (mL/g)
—1 20 0.2 30 20 11

0 30 0.3 45 2501

1 40 0.4 60 30 .1

*® 2 HEZEEIRIA Box-Behnken i N7 B & iz 38
BRI ER

Table 2 Box-Behnken response surface methodology and re-
sults with total flavonoids of Valeriana officinalis
L. extraction parameters
5 A B C D EEERIE/ %
1 0 0 —1 —1 5.58
2 0 0 1 —1 6.18
3 0 0 0 0 6.01
4 —1 0 0 1 4.95
5 0 —1 1 0 6.37
6 —1 0 —1 0 1.76
7 0 1 0 1 6.11
8 1 0 —1 0 5.39
9 0 1 0 —1 6.03
10 1 0 0 —1 5.61
11 1 1 0 0 5.79
12 —1 —1 0 0 5.03
13 1 0 1 0 6.35
14 —1 1 0 0 5.21
15 —1 0 1 0 5.24
16 1 0 0 1 5.98
17 0 0 0 0 6.09
18 0 1 1 0 6.31
19 0 —1 0 1 5.98
20 0 0 0 0 5.97
21 0 1 —1 0 5.72
22 0 —1 —1 0 5.77
23 0 —1 0 —1 5.98
24 0 0 0 0 6.07
25 1 —1 0 0 6.19
26 0 0 —1 1 5.82
27 0 0 0 0 6.12
28 0 0 1 1 6.23
29 —1 0 0 —1 5.01

% A Design-Expert 8.0.6 /£ Box-Behnken g 5 . %}
HREHATEG BB Z 0B H RN

R=—12.395 0+0.338 4A +0.160 0B +0.030 1C +
0.116 2D—0.145 0AB + 8.000 0 X 10 * AC 4+ 2.150 0 X
10 PAD—1.666 7 X 10°? BC 4 0.040 0BD — 6. 333 3 X
107*CD—5.701 7 X 107% A* + 5,233 3B* — 1.951 9 X
107'C*—3.056 7X10 *D?, 1Y)

St A T TSR ) [ O A AR 3R AT O 2 O B S T Ay
Br 8550 W3R 3. MR Ty A W 3 M 52w (P<C0.000 1), 2k
AR .3 (P=0.335 6>>0.05) . P W 7E AR5 414 T . 1% [l
U T 2 8 ) TR 22 DA U WA 6 v & SR B T 2 S RO B
TR IBCR I . A REC R =0.987 1,R;=0.974 3,
Ul W [0 U3 455 80 55 35 6 £ 400 5 J 0 0 w0 D T 400 5 S0 7R 9 i
S0 I DU AN 43 BT 45 PR ZR R WA R /MK TR g < R 7S R ] >
PR > OB L > SRR AL . B F ORI R, — kI
B 7 EF ) R P I B X A ) 2 IR LA A S R ) (P<C
0.01) , YUk b EL A 2 3B 52 i (P<C0.05) 5 3¢ B35 o i 75 B ) 5
5 TR 4 Y R P i ) 55 7 e L X A B TR ) 42 R L
BN (P<C0.01) , i 7 B 1] 5 80 b =2 8] 099 38 AR A
AR R (P<0.05) , 78 Y I Hp 7 R () o AR B T 42 B
KEAW B F M (P<<0.0), B L BA B 5 m(P<
0.05); B £ Z H K B (P>0.05), 5K 5 th 3D &0 i
P B e 1 1 45 BB 2R U 1 28 ELAR AR A o

Hi Design-Expert 8.0.6 3K {4 £ i 45 £ 5 2 i $2 I 1Y f
fE T2 5 B0OR 18 75 B ] 35.09 min ., 8 B2 4 FJ #50.20 g/mlL |

3 RRERFESW
Table 3 Square and significant analysis of

regression equation

FERWE M AEE ¥or F {8 P A

[EYELTE| 5.810 14 0.420 76.67  <C0.000 1
A 2.180 1 2.180 401.96  <C0.000 1
B 1.875E—003 1 1.875E—003 0.35 0.565 6
C 1.100 1 1.100 203.96  <C0.000 1
D 0.039 1 0.039 7.12 0.018 4
AB 0.084 1 0.084 15.54 0.001 5
AC 0.058 1 0.058 10.64 0.005 7
AD 0.046 1 0.046 8.54 0.0111

BC  2.500E—005 1 2.500E—005 4.618E—003 0.946 8

BD 1.600E—003 1 1.600E—003 0.30 0.595 2
CD  9.025E—003 1 9.025E—003 1.67 0.217 6
A? 2.110 1 2.110 389.53  <C0.000 1
B 0.018 1 0.018 3.28 0.091 6
c? 0.013 1 0.013 2.31 0.150 7
D2 0.038 1 0.038 7.00 0.019 2

% 0076 14 5413E—003

I 4RI 0.061 10 6.091E—003 1.64 0.335 6
HriR 0.015 4 3.720E—003
SR 5.890 28
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Figure 5

on different extraction parameters
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3D response surface figures for effects of extration yield on essential oil of Valeriana officinalis L.

BRFEAAEEME KR, B IUKMBIRAERGE ) EES
T — M Il $E B (P<<0.05) . YK BESN 0.5 mg/mL B,
SOKAH$R ) DPPH H |1 3% 75 R %y (80.80 £0.21) % , fif [A]
WAREE S (72.90£0.18) %
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EET BRI (P<0.05) . % F 4 0.5 mg/mL Af,
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Figure 6 The effect of DPPH radical scavenging activity on

different extraction method (72 =3)
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